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(S) Sampling capsule and process. 

@ An tngestible capsuie and process for sampl- 
ing, particufarty repeatable sampling, of fluids 
in the aiimentary canal is disclosed wherein an 
essentially non-digestible capsule contains an 
electric energy emitting means (2), a radio sig- 
ned transmitting means (3), a sampling storage 
means (5,6) and a remote actuatable sampling 
means (4). The capsule signals a remote re- 
ceiver (8) as it progresses through the alimen- 
tary tract in a previously mapped route and 
upon reaching a specified site Is remotely 
triggered (15) to capture a fluid sample in the 
aiimentary canal. 
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The medical profession has long recognized the 
need for a reliable means for the sampling of fluids, 
slurries and the like at specific alimentary canal sites 
in the human and animal body, particularly means 
that might be accurately and repeatedly accomplish- 
ed. This application relates to a novel capsule and 
process for the precise placement and telemetric 
gathering of samples in the alimentary canal of ani- 
mals, particularly humans. 

One prior art device, the Heidelberg pH capsule 
system, comprises a capsule containing a transmitter 
that is sensith^e to pH changes experienced within the 
gastrointestinal tract The patient wears an antenna 
for collection of transmitted signals, which feeds the 
signals through a tether to a receiving device, which 
stores and/or records the pH data obtained within the 
alimentary canal. Site location of the capsule is not 
determined using the radio signals and fluid samples 
cannot be collected. 

Another prior art device, the Konlgsberg temper- 
ature telemetry pill, is an ingestible capsule compris- 
ing a transmitter that is sensith^e to temperature 
changes. Signals are transmitted to collecting anten- 
na and then to a receiver where the temperature data 
is stored and/or recorded. Site location of the capsule 
is not determined by radio signals and fluid samples 
cannot be collected. 

The present invention features an ingestible cap- 
sule having an exterior surface configured for conve- 
nient passage through the alimentary canal, said cap- 
sule comprising, an electric power source, a radb sig- 
nal transmitting means, a remote actuatable activat- 
ing means, fluid sample storage means and a sam- 
pling means, encased in an essentially non-digestible 
outer shell. 

In the system of the invention, an electric power 
source in the capsule provides operating power to the 
transmitting means, which emits radio signals from 
the capsule that are collected by antennae, exterior to 
the human body, and fed to an appropriate remote re- 
ceiver The capsule containing such transmitter is in- 
gested in the alimentary canal and remote antennae, 
typically arranged about the body of the animal, col- 
lect signals from the capsule at various intensity and 
direction to provide tracking information to the remote 
r^eiver The remote receiver in turn amplifies, distin- 
guishes and/or converts all or portions of the signals 
to usable data which is provided to storage and/or 
comparator means, typically comprising a central 
process unit such as a computer. The comparator, 
compares the data from the receiver with previously 
obtained data pertaining to geographic positions with- 
in the alimentary canal contained In the storage 
means and computes or confirms location. Upon re- 
ceipt of signals from the capsule indicating alignment 
of the capsule at a specified site in the alimentary 
canal, remote means actuates the remote actuatable 
acthfating means of the capsule, which in turn ac- 



tuates the sampling means causing the sampling 
means to withdraw a sample from the alimentary can- 
al into the capsule. 

The process of the invention generally comprises 
5 obtaining directional data, from the passage of a sig- 
nal transmitting capsule through an alimentary canal, 
to create a precise map of the routing of the capsule 
to a precise location In the canal. This directbnal data 
Is stored and compared to directional data from a sub- 

10 sequent signal transmitting capsule or capsules car- 
rying sampling means passing through the alimen- 
tary canal at a later time. Thus, once the route is map- 
ped and stored the passage of subsequent capsules 
can be accurately repeated and the precise sampling 

IS of fluids at a selected site can be accurately achieved 
through multiple repetitions. 

The advantage of such process is particularly ap- 
plteable with a patient that requires periodto sampling 
of fluids at a specific location in the gastrointestinal 

20 tract Such patient typically receives a first explora- 
tory treatment In a controlled office environment 
wherein a signal transmitting capsule is Ingested and 
passed through the alimentary canal with its geo- 
graphic route being mapped to the precise route that 

25 the capsule would take to a specific location in the 
canal. The mapped route is then stored In the comput- 
er for further reference. Thereafter, treatment com- 
prises ingestion of a sampling means containing cap- 
sule, in a loosely controlled environment, and conv 

30 puter controlled activation of sampling from a remote 
triggering device at the appropriate arrival of the cap- 
sule at the desired site. Significantly, using differen- 
tial signals, two or more capsules can be contained in 
the alimentary canal at the same time, providing 

35 means to sample and/or to provide medicament dos- 
ing at the same or different sites at the same or vary- 
ing times. 

FIG. 1 is a schematic illustration of a typical sys- 
tem of the invention. 
40 FIG. 2 Is a sectional view of a typical capsule of 

the Invention prior to enabling the power source. 

FIG. 3 is a sectional, fragmentary view of the en- 
abled power source of the capsule of FIG. 2. 

FIG. 4 Is a sectional, partial fragmentary view of 
45 a capsule of FIG. 2, wherein sampling has been Initi- 
ated. 

FIG. 5 is a sectional, partial fragmentary view of 
the capsule of FIG. 2 at the completion of sampling. 

FIG. 8 is a sectional, partially exploded view of 
50 the sampling end cap portion of the capsule of FIG. 
2. 

FIG. 7 is a partial sectional view of an alternate 
embodiment of a power source end cap arrangement 
of the capsule of FIG. 2 before electrical activation. 
55 FIG. 8 Is a partial sectional view of the alternate 

embodiment of a power source end cap of the capsule 
of FIG. 7 upon electrical acth^ation. 

FIG. 9 is a schematic lllusbBtlon of the sampling 
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activating system of the capsule, 

FIG, 10 Is a perspective view of an alternate em- 
bodiment of an activating member of the invention. 

FIG. 11 is a sectional view of a power supply end 
cap for use with the activating member of FIG. 10. 

FIG. 1 comprises a schematic illustration of the 
main components of the telemetry capsule system of 
the invention and the manner In which they are inter- 
related in general operation. 

Therein, capsule 1, typically comprises an elec- 
tric power source 2, radio signal transmitter 3, remote 
controlled actuator 4, sampling assembly 5 and sam- 
ple storage compartment 6, which are interrelated to 
provide the two functions of transmittal of tradcing 
data and fluid sample gathering. 

In functioning to provide tracking data, transmit- 
ter 3, emits a radio slgnal(s) from the capsule that 
pass through the animal's body tissue, and are col- 
lected by antennae 7, located exterior to the body, 
which in turn feed collected signals to an appropriate 
receiver 8 which is remote from the capsule. Signals 
emitted from transmitter 3 are generally constant and 
generally need not vary in frequency, intensity or the 
like to provide adequate tracking data. Typically, mul- 
tiple antennae are utilized in the system of the inven- 
tion for collection of signals from the capsule radio 
signal transmitting means 3 to obtain precise posi- 
tioning of the capsule in the alimentary canal through 
geometric triangulation in combination with an expert 
system based software. The antennae 7 can be locat- 
ed in non-mobile instrumentation to which the patient 
is confined, but, generally the multiple antennae are 
an^ged about the body in a vaster belt type unit that 
allows the patient to move atK>ut in a wide range of 
dally acth^lty. 

Remote receiver 8, preferably miniaturized, is 
generally hard wired to the multiple antennae and re- 
cehfes the multiple signals collected thereby. The re- 
ceh^r may in turn be hard wired to one or more cen- 
tral processing units and non-volatile memory, or. 
may be in air wave radb communication through a 
transmitter with a further receiver, which in turn may 
be hard wired to a one or more central processing 
units. 

Generally, the receiver or receiver/transmitter is 
mounted together with the antennae on the body and 
is hard wired to one or more central processing units. 
The central processing units are generally separate 
units to which the receiver is tethered, but may also 
be mounted on the t>ody. The signal receh/ed by the 
transmitter Is typically amplified, differentiated or 
otherwise distinguished and/or converted to digital 
data which can be used in the central processing unit 
for determining location of the capsule emitting the 
signals. This data, In turn, is typically internally stored 
within non-volatile memory for later review and ana- 
lysis. 

in a further embodiment of the invention, a first 



receiver-transmitter is mounted together with the an- 
tennae on the body and Is in air wave radio commu- 
nication with a second receiver that is hard wired to 
one or more central processing units. The signal re- 
5 ceived by the receiver, which Is hard wired to the cen- 
tral processing unit, is processed in a similar fashion 
as described. 

Central data processing unit 9 generally consti- 
tutes a computer or the like, typically comprising data 

10 distribution means 10, data storage means 11 and 
comparator/computing means 12. Data from the re- 
mote receiver 8 is typically routed to micro-controller 
means 16 then to distribution means 10, wherein it is 
distributed to comparator/computing means 12 

IS and/or storage means 11. Comparator/computing 
means 12, generally compares data received from 
the distribution means with previously stored data 
and analyzes, computes and/or confirms geometric 
location of the capsule within the alimentary canaL 

20 Monitor 13 and/or printer 14 are typic^ly, provided to 
allow visual confirmation, to the operator, of the sta- 
tus and location of the capsule. Micro controller 
means 1 6 provides means for digitizing data from the 
antennae receiver instrumentation. 

25 Upon receipt of signals from the capsule indicat- 
ing alignment of the capsule at a specified site in the 
alimentary canal, the sample gathering function of 
the capsule is typically undertaken. To initiate sample 
gathering, remote trigger 15 transmits an actuating 

30 signal to the actuator of the capsule, which receh^es 
the signal and actuates the sampling assembly caus- 
ing the fluids in the alimentary canal to be drawn into 
the capsule. 

FIGs 2-6 comprise sectional views of a typical 

35 capsule of the Inventton as It would appear before 
enabling of the power source through the completion 
of sampling. Therein, capsule 1, comprises generally 
cylindrical central shell 20, which generally contains 
the electronics and sampling assembly, sampling end 

40 cap 21 and power source end cap 22 assembled to 
form a non-digestible outer capsule shell. Sampling 
end cap 21 comprises filling opening 51 and filling 
flap assembly 5Z Typically the end caps are sealed 
at 23 and 24, around central shell 20, using a non tox- 

45 ic glue or adhesive to prevent leakage of digestive 
tract fluids into the capsule and/or leakage of sam- 
ples of fluids out of the capsule. 

Power source end cap 22, generally comprises a 
battery, power source activating means and power 

50 transmission means for operating the electronics of 
the capsule. 

In FIGS 2-5, power source end cap 22 is shown 
as generally comprising a battery 27, having positive 
terminal 29 and negative terminal 35, deflectable 

55 positive bus disk 28, flexible disk seal 31, threaded 
screw hole 30, mating activating screw 36. sealing 
washer 34, transmission line 17, transmission line 18 
and divider barrier 33. Shoulder 25 of end cap 22 is 
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dimensioned to provide consistent placement of the 
power source end cap along the length of central shell 
20. Transmission line 17 electrfcally connects nega- 
tive battery terminal 35 to negative terminals (not 
shown) of the drcultry of transmitter 40 and acth^ator 
41. Transmission line 18 connects positive battery 
terminal 29, through bus disk 28, to positive terminals 
(not shown) of the circuitry of transmitter 40 and ac- 
tuator 41. 

Actuator 41 generally comprises activator receiv- 
er circuitry, generally illustrated as initiator coil 37, 
and activating circuitry which initiates the sampling 
process. Negative and positive terminals of the acti- 
vator receiver are connected through transmission 
line 17 and 1 8 to the negative and poslth^e battery ter- 
minals. Negative and/or positive terminals of the ac- 
th^ating circuitry are connected through receiver en- 
abled switching means (not shown) to the negative 
and/or positive battery terminal. 

The capsule Is acth^ated for signal transmission 
and receipt pnor to ingestion, and enabled, but not ac- 
tivated, for sampling as it progresses within the ali- 
mentary canal. RG. 3 illustrates the enabling of the 
power source to electrically activate the capsule for 
signal transmission and receipt Therein, activating 
screw 36 is adjusted inwardly to engage positive bus 
disk 28 and deflect same against positive terminal 29 
of battery 27. Such adjustment completes the circui- 
try of transmitter 40 thus initiating radio signal trans- 
mission from the capsule. Such adjustment also conrv- 
pletes the circuitry of the activator receiving portion, 
e.g. initiator coil 37 of activator 41 of the capsule, thus 
enabling the initiator coll to receive a signal transmit- 
ted to the capsule from a renrK>te source. Rexible seal 
31 and sealing washer 34 are arranged to resist seep- 
age and/or flow of fluids from the alimentary canal 
through screw hole 30 to the battery, interior dhrider 
33 maintains battery 27 in position and generally in- 
sulates the battery from contact with the electronic 
components of the capsule. 

in the process of the invention, activating screw 
36 is adjusted to complete the above circuits just prior 
to ingestion of the capsule, and activation of the cir- 
cuit completes electric so that the transmitter begins 
transmitting a suitable radio signal for collection by 
the antennae and the receiver is In an active mode 
awaiting an appropriate signal to enable activation of 
actuator 41. 

Transmitter 40 operates independently of actua- 
tor 41 and is designed to emit a detectable radio sig- 
nal, from transmission coil 38. upon completion of the 
circuit through activating screw 38. The radio signal 
may be constant or can be intermittent, but should be 
of sufficient Intensity to be detectable in its passage 
through the animal body tissue to antennae located 
outside the body, by a receiver. Generally, a non- 
modulated signal, outside the broadcast range, is pre- 
ferred. Typically there is no provision for switching off 



transmitter 40 and it remains in a transmitting mode 
throughout passage of the capsule through the ali- 
mentary tract 

Actuator 41 comprises a radio signal receiving 

5 means and activating circuitry. The acth^tor receiv- 
ing means is generally a single function receiver that 
completes a circuit to an "on" position, which enables 
activating means upon receipt of a defined activating 
transmission signal. The initiator coil generally is 

10 characterized by having a detectable resonate fre- 
quency and in a preferred embodiment of the inven- 
tion, once the circuit is completed it stays In the "on' 
position through the remainder of the capsule's pas- 
sage through the alimentary canal. The defined act^ 

IS vating signal is generally transmitted by remote trig- 
ger 15. 

Generally, the acth/ating transmission signal is 
narrowly defined to prevent inadvertent activation by 
stray background radio signals. Upon receipt of an 

20 appropriate signal from remote trigger 1 5 of the sys- 
tem, actuator41 generally directs powerfrom the bat- 
tery through power transmission lines 42a, 42b to fi- 
laments 45a and 45b. The use of the battery power 
by the actuator generally results in rapid dissipation 

25 of the energy available from the power source and 
typically transmission of detectable radio signals 
from the capsule will decrease in intensity and may 
cease to be detectable. This decrease or cessation of 
detectable radio signal is typically seen as conf irma- 

30 tion that the sampling procedure has begun. 

FIGS 4-6 illustrate the operatton of the sampling 
assembly of the capsule. The sampling assembly 
generally comprises power transmission lines 42a 
and 42b, spring 44, blow out plug 46, air expulsion 

35 opening 47, piston 49, sampling filling opening 51 and 
sampling sealing flap assembly 52. Piston 49 conrv 
prises spaced sealing projections 54a and 54b, trans- 
mission wire guides 57 and 58, filaments 45a and 
45b, and an electric cun-ent conductor arranged be- 

40 tween the filaments generally referred to as glue bar 
43. 

In the non-activated stage, ends 57a and 58a of 
wire guides 57 and 58 are glued to end cap 21 by 
spots 59a and 59b of thermal sensitive adhesive or 

45 the like, in the embodiment shown, glue bar 43 con- 
stitutes the electric current conductor arranged be- 
tween filaments 45a and 45b, comprising a conductor 
connecting the filaments and having ends configured 
to provide structural gluing surfaces for enhancing 

50 the adhesion of ends 57a and 58a to the end cap. 
Glue bar 43 may be comprised of conductive material 
or comprise a conducth^e element or the like' which 
connects with filaments 45a and 45b, in activating 
circuitry among power transmissk>n lines 42a and 

55 42b. The filaments are Imbedded In themnal glue 
spots 59a and 59b in an arrangement such that upon 
imposing a current therethrough they heat the glue 
spots sufficiently to cause release of ends 57a and 
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58fa of wire guides 57 and 58 from cap 21. 

In the process of the invention, upon actuation, 
actuator 41 completes the activating circuit from the 
power source through transmission lines 42a and 
42b, filaments 45a and 45b and the conductor of glue 5 
bar 43. The filaments heat up, weaken the thermal 
sensitive adhesive of the glue spots such that the 
force of expanding coil spring 44 will cause ends 57a 
and 58a of transmission wire guides 57 and 58 to re- 
lease from end cap 21 . io 

Piston 49 IS mounted in sampling compartment 6 
In a Initial forward position, arranged so that it will for- 
cibly move from the forward position to a rearward 
position upon release of coil spring 44. The piston 
comprises spaced sealing projections 54a and 54b is 
which sufficiently resist a flow of fluid around the pis- 
ton such that upon rearward movement of the piston 
a partial vacuum is promoted in the forward portion of 
the sampling compartment and air in the rearward 
portion of the sampling compartment is compressed. 20 

In operation of the sampling apparatus, the heat- 
ing of the thermal sensitive glue spots by imbedded 
filaments 45a and 45b, weakens the adhesion of 
ends 57a and 58a of wire guides 57 and 58 with end 
cap21 such that loaded coll spring 44 uncoils, pushes 2S 
against piston 49 and moves the piston from its Initial 
forward position in sampling compartment 6 to a rear- 
ward position. The rearward movement of piston 49 
compresses the air in the rearward portion of com- 
partment 6 and the resulting pressure causes the ex- 30 
pulsion of blow out plug 46 from air relief opening 47 
of the capsule and expulsion of air therefrom. Coind- 
dentally, the retraction of piston 49 creates a partial 
vacuum in the forward portion of sampling compart- 
ment 6 which causes a sealing flap of assembly 52 to ss 
open inwardly and fluids 50 to be drawn into the front 
portion of the sample compartment through opening 
51. 

In FIG. 4. the remote trigger has signaled the ac- 
tuator which closes a circuit from the power source 40 
and Imposes a current through transmission lines 42a 
and 42b causing heat to be generated along filaments 
45a and 45b which heats thermal glue spots 59a and 
59b, weakening the adhesion of ends 57a and 58a to 
cap 21 , and allowing the force of loaded spring 44 to 45 
push piston 49 rearward, colncidentally breaking fila- 
ments 45a and 45b. The rearward movement of pis- 
ton 49 creates a partial vacuum in the front portion of 
the sample compartment and causing the flap of seal- 
ing flap assembly 52 to uncover sampling opening 51 , 50 
allowing entry of fluid 50 from the alimentary canal, 
while compressed air in the rearward portion of the 
capsule causes blow out plug 46 to blow out of air re- 
lief opening 47 and the air 53 to escape from the cap- 
sule. 55 

In RG. 5, piston 49 has been forced to its rear- 
most position by uncoiling spring 44. In such position, 
spaced sealing projections 54a and 54b flank air relief 



opening 47 and restrain the air from further escape 
from the capsule. The pressure within the front por- 
tion of sampling compartment 6 equalizes with the 
pressure in the alimentary tract and the flap of seal- 
ing flap assembly 52 doses to seal samplffig opening 
51 and trap the fluid sample within the capsule. 

Breaking of filaments 45a and 45b creates a de- 
tectable change in the resonate frequency of the ac- 
tivator circuit which can be monitored as a detectable 
indicator signal of sampling initiation. 

FIG. 6 illustrates the relative positioning of the 
sealing flap assembly, filling opening, wire guides, fi- 
laments and glue bar with end cap 21. Therein glue 
bar 43 is shown as comprising a conductive wire 60 
which connects at ends 60a and 60b to filaments 45a 
and 45b respectively. The other end of filaments 45a 
and 45b connect to power transmission lines 42a and 
42b respectively which emerge from ends 57a and 
58a of wire guides 57 and 58. Sealing flap assembly 
comprises flap 61 , glue block 62 and spring assist 63. 
Flap 61 is formed from an elastomeric compound or 
the like. Spring assist 63 is a longitudinally extending 
spring element which engages glue block 62 and as- 
sists in maintaining flap 61 against filling opening 51. 
In a preferred embodiment flap 61 comprises a pro- 
jection 61a thereon which seats in filling opening 51. 

FIGS 7 and 8 illustrate another embodiment of 
the power source activating means. End cap 22' is 
shown as generally comprising battery 27', having 
positive terminal 29' and negathre terminal 35', de- 
flectable positive bus disk 28', flexible disk seal 31', 
hole 70, activating member 80, divider barrier 33' and 
transmission lines 17' and 18'. End cap 22' is formed 
from polymeric material and hole 70 comprises 
spaced projections 71 and 72, which are beveled at 
71a and 72a to enhance deflection and enable forced 
insertion of activating member 80 in hole 70. Acth^at- 
ing member 80 is an elongated member comprising 
major and minor cylindrical diameters. The minor di- 
ameter 73 is sized to engage flexible disk seal 31 ' for 
deflecting positive bus disk 28' against terminal 29' of 
battery 27'. Major diameter 74 comprises drcumfsr- 
ential slots 81 and 82, which are in spaced mating 
alignment with projections 71 and 72 of hole 70, and 
sized to mate with projections 71 and 72 upon forced 
insertion of member 80 in activating means hole 70. 
Thus, In a first non-activated fordbly inserted position 
as shown in FIG. 7, the minor diameter of activating 
member 80 does not deflect bus disk 28', but when 
further Inserted as shown FIG. 8, bus disk 28' Is de- 
flected against positive temninal 29*. 

FIGS 10 and 11 illustrate a further embodiment 
of the power source activating means. In FIG 1 0, ac- 
tivating member 80' is an elongated member com- 
prising minor and major cylindrical diameters 73' and 
74' respectively. The minor diameter 73' is sized for 
engagement with the flexible disk seal and acth/ating 
the power source by deflecting the positive bus disk 
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against the positive terminal of the battery. The major 
diameter 74' comprises circumferential slots 81' and 
82', which are spaced for mating alignment with pro- 
jecttons 71' and 72* of hole 70' of end cap 22" of FIG 
1 1 . Longitudinal slots 83 and 84 of activating member 5 
80' are arranged for insertion of member 80' into hole 
70' by being sized to mate with projections 71' and 
72' and enabling stepped insertion of member 80 to 
a none activated partially Inserted position to an ac- 
tivated fully inserted position in hole 70'. Thus, in a io 
first non-activated positbn member 80' is inserted 
such that circumferential slots 81' and 82' align with 
projections 71' and 72' respecth^ely and In an activat- 
ed position member 80' is rotated and further inserted 
In end cap 22" such that slot 81 ' aligns with projection is 
72'. 

FIG 9, compnses a block diagram illustrating typ- 
ical circuitry of a capsule of the invention. Therein, is 
illustrated that upon engaging of bus disk 28 against 
positive temninal 29 through adjustment of activating 20 
screw 36, the circuitry of radio signal transmitting 
means 3 is completed and the transmitting means is 
powered, by electric power source 2, to begin emit- 
ting radto signals and continue same, until the power 
from the power source is dissipated. At the same time 25 
the circuit of receiver 19 of remote controlled actuator 
4 is enabled but not powered, such that upon receiv- 
ing a proper signal from a remote trigger, receiver 19 
actuates initiator coil 37 of actuator 4 and causes cur- 
rent to flow through transmission line 42a, filament 30 
45a, glue bar 43. filament 45b and transmission line 
42b to ground, causing the filaments to heat up, the 
glue spots to fall, the piston to be released for move- 
ment by the spring. It should be noted that preferably, 
deactivation of the transmitter circuit does not occur 3S 
upon actuatk>n of initiator ooii 37. 

A wide variety of electric power sources can be 
used in the capsule of the instant invention. General- 
ly, such means can comprise a storage battery or can 
also comprise an electric generating device that is ac- 40 
thrated during use of the capsule. Typically, modern 
mercury, silver oxide, NiCad and lithium batteries are 
suitable In size and energy storage for use in the cap- 
sule of the present Invention. 

Similarly, mechanical power generators might be 45 
used in the capsule of the invention, such as ten- 
sloned spring electric generating devices and the 
like. Such devices must be subminiature in size and 
the number of moving parts required reduces the 
probability of their widespread use. Radbisotope so 
power sources have been suggested as electric pow- 
er supply means for subminiature utilities, however 
such means are not yet commercially available for 
use. 

In another embodiment of the Instant invention, a ss 
chemical and/or biological fuel ceii comprises the 
power source, such as yeast metabolites reacting 
with an electrode material. 



Generally the capsule can be formed from any 
suitable material that will resist degradation while 
passing through the alimentary canal. Generally, a 
polycarbonate material is preferred for the outer shell. 
Various liquid, solid, slurry or gaseous samples may 
be taken with the capsule and process of the inven- 
tk>n. Generally the capsule and process operate more 
effectively taking liquid, liquid slurry or gaseous sam- 
ples. 

Radio signal transmitting and receiving means 
suitable for use in the capsule of the Invention are well 
known in the art Sub-miniature radio transmitters as 
described by A.M. Connell in GUT, 1960, 1, pp 266 
and H.G. Nolier, in Medical Electronics, 1960, pp 342 
appear suitable for the capsule of the invention. 

The remote receiver and antennae are generally 
seen as comprising a receh^er subsystem for the pur- 
poses of the inventbn. Typically, such receh^er sui)- 
system used in the process of the Invention compris- 
es multiple dipole antennae, the outputs of which are 
time multiplexed to a computer tuned superhetero- 
dyne recehfer and quadrature detector. 

In the general operation of a typical receh^er sut)- 
system of the invention, the output from multiple di- 
pole antennae, typically about eight, are matched in 
impedance by processing through a common impe- 
dance matching network. The matched output of the 
antennae are then time multiplexed, by means of data 
Input control from the computer and the multiplexed 
signal Is channeled to a radio frequency (RF) ampli- 
fier of the receiver for amplification. The amplified 
signal is then channeled to the computer tuned super- 
heterodyne receiver where It Is typically filtered to re- 
move spurious signals and then implied to an RF Input 
of a mixer to convert It to an intermediate frequency 
signal for convenient processing. The intermediata 
frequency signal is directed to a quadrature detector 
that conf inms received signal validity, with valid sig- 
nals being then digitized by the receiver for transmit- 
tal to the computer. The intermediate frequency out- 
put of the mbcer is also amplified, and applied by the 
receiver to an absolute value circuit to quantify signal 
strength as a DC voltage signal representing relative 
received signal strength from each antenna and is 
transmitted to the computer. 

Receh^ers which can detect the presence of a val- 
id input frequency, measure the relatwe strength of 
the signal, amplify, detect and digitize the signal are 
commonly available and typically used as comnrtuni- 
cadons receh^ere. 

The computer subsystem generally comprises a 
commonly available instrument micro-controller and 
a typical central processing unit which includes a dis- 
tribution means, comparator^computer, data storage 
means, monitor, printer and appropriate software. 

In the general operation of the process, the digi- 
tized valid signals confirm continuing identification of 
the capsule and the DC voltage signal from each an- 
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tenna is digitized by the micro-controller to provide 
capsule location input to the central processing unit. 
Thus as a sampling capsule moves through the ali- 
mentary canal the variations in quantified DC voltage 
signal, derived from each antenna and digitized by 5 
the micro-controller, are compared by the software of 
the central processing unit to the digitized historic DC 
voltage signal data obtained from the previous pas- 
sage of a non-sampling capsule. In addition to the di- 
rect comparison of digitized non-sampling historic DC io 
voltage signal data, comparison may be made with 
other factors such as length of time in the canal, ac- 
tive antennae group, historic progress rate through 
the canal, rate and/or time models, normalized or 
model voltage signal data and the like. Typically, the is 
software scans and computes variations from the 
non-sampling historic signal data, together with vari- 
ations from one or more otherfactors, in pre-progranv 
med weighted relation to establish a calculated prob- 
ability of geometric location of the sampling capsule. 20 
Typically the calculated probability is continuaOy 
monitored by the central processing unit and upon va- 
riation beyond pre-programmed limits will scan and 
recalculate discarding and/or incorporating o^er fac- 
tors as may be pre-programmed into the software. 2S 
Such recalculating, discarding and/or incorporating of 
otherfactors is generally referred to as the expert sys- 
tem of the software for puiposes of this application. 
Typically, the software is pre-programmed to signal 
the operator or otherwse Initiate sampling when the 30 
calculated geometric location conforms to the pre- 
programmed desired location within pre-defined lim- 
its of probability. The exceeding of such pre-defined 
limits of probability, even in view of scanning and re- 
calculation, is also typically signaled to the operator 35 
to indicate failure of accurate location. 

The components of the remote trigger and the re- 
lease verification system rennote from the capsule 
are generally considered the sampling Initiator and 
verification subsystem for purposes of the invention. 40 
Typically such subsystem comprises an initiator coll, 
initiator pulse amplifier, transmit/receive (TR) switch 
and a sampling verification grid dip module in the RF 
receiver. 

in typical operation of the process of the inven- 45 
tion, the computer signals when initiation of sampling 
is appropriate. The initiator pulse amplifier acts to 
shape and amplify a pulse from the initiation signal 
and sends it to the initiator coil, which acts as a trans- 
mitting antenna to transmit the amplified pulse to the so 
actuator of the capsule. The TR switch is typically lo- 
cated before the multiplexer of the multiple dipoie an- 
tennae and disconnects the multiple antennae from 
the multiplexer while the pulse amplifier is in opera- 
tion to prevent damage to the low level circuitry of the 55 
RF receiver, particularly the grid dip module, from the 
high powered pulse. 

After the amplified pulse has been transmitted 



the TR switch reconnects the antennae to the multi- 
plexer and the grid dip module senses the resonate 
frequency of the acUvator circuit of the capsule. 

Typically, the operation of the initiator pulse am- 
plifier and TR switch are Inter-controlled by the cen- 
tral processing unit The data corresponding to the 
changes or failure to change frequency is transmitted 
by the receiver to the CPU and the software can be 
preprogrammed to re-initiate the sequence, Indicate 
sampling success or failure, as may be desired. 

It should be understood that various modifica- 
tions can be made without departure from the princi- 
ples of the invention. 



Claims 

1« An ingestible capsule for removal of a fluid sam- 
ple from the alimentary canal of an animal com- 
prising, an electric power source; a radio signal 
transmitting means In enabling circuitry with said 
power source, said transmitting means being 
suitable for transmitting a radio signal the loca- 
tion from which the transmission emanates being 
tradcable through animal tissue; a fluid sample 
storage compartment; means for obtainhg a fluid 
sample from said alimentary canal which is ac- 
tuatable by radio signal received from a site re- 
mote from said capsule; all encased in an essen- 
tially non-digestible outer shell that is configured 
to pass through said alimentary canal. 

2. The capsule of claim 1 comprising means for in- 
terdicting the flow of fluid to and/orf rom said stor- 
age compartment 

3. The capsule of claim 1 wherein said means for 
obtaining a sample comprises an initiator coil that 
Is characterized by a detectable resonate fre- 
quency when acthrated. 

4. The capsule of claim 1 wherein said means for 
obtaining a sample comprises a movable piston 
adapted to influence the flow of a fluid from the 
alimentary canal Into said capsule, through 
movement of said piston from a first position to a 
second position. 

5. The capsule of daim 1 wherein said means for 
obtaining a sample comprises a piston which is 
arranged in said sample storage compartment 
release of a spring urges said piston from a first 
position in said compartment to a second posi- 
tion, and the movement of said piston creates a 
partial vacuum in a portbn of said storage com- 
partment which influences the flow of a fluid from 
said alimentary canal through a passageway in 
said capsule to said portion of said storage conrv 
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partment. 

6. The capsule of claim 5 wherein said wherein said 
means for obtaining a sample comprises a fila- 
ment, which is arranged to heat a thenfnal sensi- 
tive adhesive when the flow of electricity from 
said power source is enabled and said thermal 
sensitive adhesive is comprised In an arrange- 
ment which restrains said spring, and wherein 
said filament breaics through movement of said 
piston and the flow of electricity through said fi- 
lament is disconnected. 

7. The capsule of daim 6 wherein brealdng said fi- 
lament changes the resonate frequency of said 
initiator coil. 

8. The capsule of daim 2 wherein said means for in- 
terdicting comprises a dosable opening through 
said outer sheD to a storage compartment within 
said capsule, said dosable opening comprising a 
spring assisted one way valve means. 

9. An ingestible capsule for removal of a fluid sam- 
ple from the alimentary canal of an animal conv- 
prising, a non-digestible outer shell; an electric 
power source; a radio signal transmitting means; 
and a fluid sample storage compartment com- 
prising a piston means arranged for withdrawing 
a fluid sample from said alimentary canal In re- 
sponse to a signal from a signal means remote 
from the body of said animal, 

10. An ingestible capsule for sampling a fluid from 
the alimentary canal of an animal comprising, a 
non-digestible outer shell; an electric power 
source; a first radio signal transmitting means; a 
fluid sample storage compartment; means for re- 
ceiving a second radio signal; and, a fluid sanr>- 
pllng means responsive to the receipt of said sec- 
ond radio signaJ. 

11. The capsule of daim 10 wherein said fluid sam- 
pling means withdraws fluid from said alimentary 
canal through differential pressure means. 

12. A process for the gathering of a fluid sample from 
a selected site In the alimentary canal of an ani- 
mal comprising, providing an ingestible capsule 
containing a signal transmitting means and a re- 
mote actuatable fluid sampling means; Ingesting 
said capsule Into the alimentary canal; transmit- 
ting a signal, trackabie through animal tissue, 
from said transmitting means contained in said 
capsule, said signal being suitable for determin- 
ing location of said capsule; receiving said trans- 
mitted signal exterior of the body of said animal; 
comparing said signal to a pre-established mod- 



el; transmitting an actuating signal to said remote 
actuatable fluid sampling means contained in 
said capsule; and gathering a fluid sample in said 
capsule in response to said actuating signal. 

5 

13. The process of daim 12 wherein a radio siignai is 
transmitted from said transmitting means in said 
capsule and is received at multiple receiving an- 
tennae anranged about the exterior of the body of 
10 said animal, the output of said multiple receiving 
antennae Is directed to time multiplexing means 
and said output is converted to time multiplexed 
output 

IS 14. The process of daim 13 wherein a time multi- 
plexed output of the multiple receiving antennae 
is converted to an Intermediate frequency signal, 
quantified as a DC vdtage signal and digitized to 
provide input to a computer where it is compared 

20 to digitized information from a pre-established 
model comprising historic data obtained from the 
previous passage of a radio signal transmitting 
capsule through sard alimentary canal. 

25 15. A process for thie collection of data for the sanrv 
pling of a fluid at a selected site in the alimentary 
canal of an animal comprising, providing an in- 
gestible capsule containing a radio signal trans- 
mitting means suitable for determining location of 

30 said capsule; ingesting said capsule Into the ali- 
mentary canal; transmitting a radio signal from 
said transmitting means; recehring said transmit- 
ted signal exterior of the body of said animal at 
multiple receiving antennae arranged about said 

35 canal; digitizing said signal received by said mul- 
tiple receiving antennae; storing said digitized 
signal in computer recoverable, time sequence 
memory; and comparing said signal to digitized 
data derived from transmitted signals from the 

40 passage of another capsule through said alimen- 
tary canal. 
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